toma, unlike solitary myeloma, advances to multiple myeloma only in a minority of cases. 3 There are six cases of primary pulmonary plasmacytoma in which the M-protein spike was present. The M-protein level is directly related to tumor burden and clinical course. 4 The M-protein component usually consists of Ig G chains. 2 This case is the third in which the patient's M-protein level returned to normal after resection. Diagnosis is usually made after the resection of the tumor. 3 After resection, immunohistochemical markers are essential to identify monoclonal plasma cells. Negative results of a postoperative myeloma survey, and negative results of testing a bone marrow biopsy specimen are essential for ruling out multiple myeloma.
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The treatment for primary pulmonary plasmacytoma is usually resection. Our patient, like the majority of other patients who have undergone resections (14 of 23 cases), was considered to be treated and is not receiving adjunctive chemotherapy or radiation. 2, 3 Two patients have received surgery and radiation therapy. One patient has received surgery and chemotherapy. Three patients received radiation therapy and chemotherapy. One patient received radiation therapy only. One patient received chemotherapy only. There is no difference in survival among any of these treatment modalities. 1 The 2-year and 5-year survival rates are 66% and 40%, respectively. 2 Two patients have been reported to survive for 9 years, and two patients have been reported to survive for Ͼ 20 years. 2 This case is unique in the presentation of renal failure with monoclonal gammopathy, and a negative result for the initial multiple myeloma investigation. Key words: adverse effects; heart failure; hyperbaric oxygen; pulmonary edema; risk Abbreviations: AMI ϭ acute myocardial infarction; atm abs ϭ atmospheres absolute; EF ϭ ejection fraction; HR ϭ heart rate; LV ϭ left ventricular; RR ϭ respiratory rate P ulmonary edema is a rare complication of hyperbaric oxygen therapy. 1,2 Abel et al 1 estimate the incidence of pulmonary edema associated with hyperbaric oxygen therapy at 1 in 1,000, and Riddick 2 suggested that patients with reduced cardiac ejection fractions (EFs; Ͻ 40%) should not receive hyperbaric oxygen therapy because of the risk of acute pulmonary edema. Details of these cases were not presented. 1, 2 We have observed three cases of pulmonary edema associated with hyperbaric oxygen therapy in 1,028 patients, who collectively represent 13,658 hyperbaric oxygen exposures. The etiology of pulmonary edema in patients treated with hyperbaric oxygen is unknown. The purpose of this report is to present information about these three cases, to raise awareness that selected patients treated with hyperbaric oxygen may be at risk for acute pulmonary edema, and to explore possible pathophysiologic mechanisms.
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Case Reports
Case 1
A 52-year-old woman with insulin-dependent diabetes mellitus for 20 years, renal insufficiency, a history of acute myocardial infarction (AMI) requiring coronary artery bypass grafting 14 years previously, and a history of acute pulmonary edema had a nonhealing ischemic plantar wound. One year earlier, her EF was 0.45 with mild-to-moderate global hypokinesis. Her pre-hyperbaric oxygen therapy heart rate (HR) was 78 beats/min, BP was 130/80 mm Hg, and respiratory rate (RR) was 18 breaths/min. After 24 min at 2.0 atmospheres absolute (atm abs), 100% oxygen, she complained of feeling hot and short of breath and was decompressed. As the patient exited the chamber, she had breathlessness and tachypnea with bibasilar inspiratory and expi- 
Case 2
A 75-year-old woman with noninsulin-dependent diabetes mellitus for 10 years, anterior wall AMI 3 weeks prior, and an EF of 0.34 without orthopnea or paroxysmal nocturnal dyspnea was treated uneventfully with hyperbaric oxygen therapy for a plantar full-thickness wound and cellulitis until her 14th hyperbaric oxygen treatment. Prior to this hyperbaric oxygen treatment, her HR was 104 beats/min, BP was 96/54 mm Hg, and RR was 14 breaths/min. After 40 min of breathing 100% oxygen at 2.4 atm abs, she developed shortness of breath, cough, tachypnea, tachycardia, ashen color, and diaphoresis. After hyperbaric oxygen therapy, her HR was 140 beats/min, BP was 126/80 mm Hg, RR was 25 breaths/min, and she had bilateral rhonchi. When breathing room air, her arterial blood gas values were as follows: pH, 7.40; Paco 2 , 38 mm Hg; Pao 2 , 37 mm Hg; and arterial oxygen saturation, 0.67. Upright posture, supplemental oxygen (15 L/min via nonrebreather face mask), and sublingual nitroglycerine treatment improved her symptoms. She was admitted to the ICU. Chest radiography showed bilateral alveolar and perivascular infiltrates. Her EF was 0.30, with an anterolateral infarct and apical aneurysm, although she did not have an AMI based on results of ECG and creatinine kinase criteria. She excreted 2 L of urine and improved. Her foot wound healed without additional hyperbaric oxygen therapy.
Case 3
A 77-year-old woman who had an AMI 7 years previously was treated with hyperbaric oxygen for chronic chest wounds following chest radiotherapy for breast carcinoma. She was ambulatory, walking approximately 2 miles per day, including up stairs, without dyspnea. She had no clinical manifestations of heart failure. During her third hyperbaric oxygen treatment (2.4 atm abs for 90 min), she complained of feeling hot, developed a nonproductive cough 10 min prior to the scheduled treatment conclusion, and required urgent decompression. On removal from the chamber, her HR was 112 beats/min, BP was 138/82 mm Hg, RR was 38 breaths/min, and arterial oxygen saturation was 0.80, which increased to Ͼ 0.90 with supplemental oxygen. Over the next 2 h, she improved and was discharged home. She was referred subsequently to a cardiologist, who diagnosed severe calcific aortic stenosis (transaortic gradient, 36 mm Hg; aortic valve area, 0.58 cm 2 ). Her EF was 0.50, and she was advised to have aortic valve replacement surgery, but only after resolution of her chest wounds, which required a preoperative course of hyperbaric oxygen therapy. Hyperbaric oxygen treatment was resumed 1 month after her initial three treatments. The patient remained functional, ambulating as before, and was able to sleep and rest in the supine position. Her HR was 104 beats/min, BP was 130/90 mm Hg, and RR was 24 breaths/min. The first treatment of the second course was decreased from 2.4 to 2.0 atm abs. Immediately following a routine decompression from her second (of the second course) hyperbaric oxygen treatment (2.0 atm abs for 90 min), she developed tachypnea, dyspnea, and cough. Chest examination revealed rales and respiratory distress. She was administered 30 mg of furosemide IV immediately and supplemental oxygen. Despite intervention, she became bradycardic and lost consciousness, necessitating emergent intubation and advanced cardiac life support protocol. An emergent echocardiogram showed no pericardial effusion and no myocardial activity, at which point advanced cardiac life support was terminated and the patient was declared dead. The family declined autopsy.
Discussion
Acute pulmonary edema associated with hyperbaric oxygen therapy is rare. Although others have commented about hyperbaric oxygen precipitating pulmonary edema, 1,2 heart failure is generally not considered a risk factor in hyperbaric oxygen treatment. 3 Our three cases suggest that acute pulmonary edema may complicate hyperbaric oxygen therapy.
Unfortunately, our cases do not elucidate the mechanism(s) leading to pulmonary edema during hyperbaric oxygen, and we have insufficient numbers of cases to prove causality. Noncardiac pulmonary edema is unlikely, or we would expect to observe pulmonary edema in patients without cardiac histories. AMI, drugs that are known to cause pulmonary edema, and iatrogenic fluid overload were excluded as causes of acute pulmonary edema.
Possible mechanisms for hyperbaric oxygen exposure causing pulmonary edema include the following: hyperbaric oxygen exposures cause an increase in systemic vascular resistance 4 and a reduction in cardiac output 4 ; both effects could contribute to pulmonary edema in a patient with compromised cardiac function. Increases in the pulmonary capillary wedge pressure occur with inhalation of high concentrations of normobaric oxygen in New York Heart Association class III or class IV heart failure patients (EF of 15 to 20%). 5 We assume that the partial pressures of oxygen that patients breathe during hyperbaric oxygen therapy might exaggerate increases in wedge pressure compared to breathing normobaric 100% oxygen, which could result in pulmonary edema. Oxygen radicals could damage the myocardium or interfere with myocyte calcium homeostasis. 6 Also, oxygen radicals can consume endothelial-derived nitric oxide, 7 which would decrease diastolic left ventricular (LV) distensibility. 8 An imbalance in cardiac output between the right and left heart during hyperbaric oxygen therapy mediated by differential sympathetic tone could explain acute pulmonary edema if the right-sided cardiac output exceeded that of the left. 1 However, Haque et al 5 measured sympathetic tone in muscles and found no change with inhalation of normobaric oxygen. 5 Nevertheless, it is possible that cardiac sympathetic tone could be affected by hyperbaric oxygen, but not by 100% normobaric oxygen breathing. Hyperbaric oxygen therapy can cause pulmonary oxygen toxicity, 9 resulting in increased sympathetic tone leading to a decrease in LV compliance while increasing afterload, leading to pulmonary edema. However, pulmonary oxygen toxicity at the hyperbaric oxygen pressures and durations used clinically is not expected. 9 It is unlikely that hyperbaric oxygen-associated pulmonary edema is caused by similar mechanisms as the development of high altitude-induced pulmonary edema, which may be caused by hypoxic-induced pulmonary venous constriction and cytokine activation. Echocardiography and/or measurements of cardiac output and intravascular filling pressures in heart failure patients during hyperbaric oxygen treatment might be informative regarding the etiology of pulmonary edema.
These patients were all treated in the single-person, monoplace oxygen-filled hyperbaric chamber (Sechrist; Anaheim, CA), necessitating the patient to be in a supine position, which might increase the risk of pulmonary edema. A difference in the incidence of pulmonary edema associated with hyperbaric oxygen therapy in supine patients vs upright patients is unknown.
Fluid overload could contribute to pulmonary edema associated with hyperbaric oxygen therapy. Death due to postoperative pulmonary edema following excess fluid retention has been reported 10 ; the authors concluded that careful attention to fluid balance was imperative. Our cases occurred in outpatients who were functional. None of these patients had recent surgery or overt manifestations of heart failure. Nevertheless, if the hyperbaric service recommends hyperbaric oxygen therapy in patients with compromised LV function, careful attention to fluid balance during their course of therapy is advised.
In case 3, it is possible that the patient's history of radiation therapy made her disease process more complicated than just ischemic coronary disease and aortic stenosis. Radiation therapy causes tissues to become hypovascular, hypocellular, and hypoxic. 11 This scarred fibrotic tissue might have altered her pericardium or her cardiac function. Furthermore, her aortic stenosis may have contributed to increased afterload to a marginal left ventricle. It is interesting and of concern that this patient had no symptoms compatible with congestive heart failure and had good exercise tolerance.
Acute pulmonary edema is not expected in patients treated with hyperbaric oxygen therapy, yet pulmonary edema may occur in certain patients with heart failure. Most patients treated with hyperbaric oxygen have hypoxic wounds, which often occur in patients with ischemic cardiovascular disease who may be at risk for acute pulmonary edema during hyperbaric oxygen therapy. Unfortunately, we cannot identify in whom or when acute pulmonary edema may develop. Caution is recommended in treating heart failure patients with hyperbaric oxygen.
